Cranial computed tomography (CT) with modified temporal lobe technique, 0-15T magnetic resonance imaging (MRI) and single photon emission computed tomography (SPECT) were carried out on 30 patients with intractable temporal lobe epilepsy. Lateralising abnormalities were detected in 21/30 patients overall. Specific lesions were detected by CT in one patient and by MRI in seven patients (in one case bilateral). In addition CT detected asymmetry of the sylvian fissures or temporal horns in 10 patients, and MRI in eight patients. SPECT detected lateralising abnormalities in 19 patients (in five cases bilateral). It is concluded that low field MRI is superior to modified CT in demonstrating subtle structural lesions of the temporal lobe. Functional scanning with SPECT supports the evidence oforigin ofan epileptic focus in a substantial proportion of cases and may improve the selection ofpatients for surgery.
Temporal lobe epilepsy is the commonest form of epilepsy encountered and is often refractory to drug therapy; the prevalence rate of such refractory epilepsy may be as high as 80-90/ 100,000 in the general population.' Temporal lobectomy is increasingly recognised as an effective treatment, giving good results in 70-80% of patients, with low morbidity and mortality.23 Its use has been restricted to a great extent by the complex and time consuming electrophysiological testing often required to lateralise the focus. New imaging techniques, however, may detect lateralising abnormalities, improving selection for surgery.
Methods

Subjects
The subjects were 30 patients (16 male, 14 female) seen sequentially at two outpatient clinics in the city of Glasgow. Their ages ranged from (mean 27.9) years. The duration of seizure disorder ranged from 2-29 (mean years and the age at onset was from 1-26 years. The inclusion criteria for the study were a definite clinical diagnosis of temporal lobe epilepsy and intractability. The former required both the absence (stare combined with impaired awareness and responsiveness), and features of temporal lobe involvement in the aura, such as deja vu, or in the seizure itself, such as automatism. The latter required that seizure control be unsatisfactory despite optimal drug treatment. "Unsatisfactory" seizure frequency in this study ranged from one per fortnight to five per day. This depended on the occupation, social circumstances and expectations of the patient, the manifestations of the seizures themselves (brief absences being, for example, better tolerated than prolonged automatisms), and the duration of post ictal effects. The patients had all been tried on three major anticonvulsant drugs, separately or in combination, all with concentrations within their respective target ranges.
Scanning procedure
The patients were assessed clinically and scanned in hospital as day cases.
HM-PAO SPECT HM-PAO is a lipophilic amine. It crosses the blood-brain barrier freely, and 85% of brain uptake occurs on the first pass after an intravenous injection. Once inside the brain tissue, it forms a hydrophilic compound. This can only slowly recross the blood-brain barrier and so its pattern of distribution in the brain, and that of the technetium 99m with which it is labelled, reflects the amount delivered and hence rCBF at the time of the first pass after intravenous injection. The activity in brain tissue remains essentially constant for several hours,4 allowing a delay before scanning. Since rCBF correlates closely with regional cerebral metabolism in epilepsy,5 HM-PAO SPECT effectively images both.
The patients were injected intravenously with 500MBq of Tc99m labelled HM-PAO during EEG recording using the standard 10/ 20 system of electrode placement. The time since the last seizure was recorded at the time of injection. All were scanned within one hour of injection using a Novo 810 tomographic imager, producing 12 mm axial sections parallel to the orbito-meatal line. The resolution of this system is less than 1 cm, and the images are comparable to those of most positron emission tomography (PET) systems currently in use.
The SPECT images were interpreted independently by a clinician (RD), a radiologist (DMH) and a physicist (JP), blind to any data other than the diagnosis of temporal lobe epilepsy. Differences were resolved by consensus conference. The perfusion of each temporal lobe was compared not only with the contralateral temporal lobe, but also with the Tomoscan, producing axial 6 mm sections of the whole brain, together with axial 6 mm temporal lobe sections angled parallel to the temporal horns, the latter cuts repeated after 50 ml (300 mg/ml iodine) of intravenous contrast medium. MRI was performed using a Picker 0-15T resistive imager, producing 8 mm axial SE 2000/80 T2 weighted images of the whole brain, axial 8 mm IR TI weighted 1660/400/40 images of the temporal lobes, and coronal 5 mm balanced SE 700/32 images of the temporal lobes.
CT and MR images were interpreted and reported independently by two investigators (DMH and PM), blind to any data other than the diagnosis of temporal lobe epilepsy. Disagreements between reports were resolved by consensus conference.
Results
The results of CT, MRI and SPECT are summarised in CT CT detected a specific lateralising abnormality in only one patient, a small area of calcification in the temporal lobe (fig 2) . In a further 10 cases varying degrees of asymmetry of the temporal horns or sylvian fissures was apparent.
MRI MRI detected specific lateralising abnormalities in seven patients. Areas of abnormal signal compatible with oedema, gliosis or tumour were detected in the medial temporal lobe in two patients (fig 3) and in the temporal pole in one patient. In one further patient a similar lesion in the medial temporal lobe was accompanied by an increase in signal throughout the contralateral temporal lobe. In two patients an increase in signal throughout one temporal lobe was seen as an isolated finding. In one patient a lesion compatible with an arteriovenous malformation or haemartoma was seen in the medial temporal lobe. In eight patients varying degrees of asymmetry of the temporal horns or sylvian fissures were seen. (fig 4) . In one of these patients an immediately post ictal scan showed an area of hyperperfusion at the same site.
SPECT
In two patients temporal hypoperfusion extended into the frontal lobe. In one patient there was unilateral frontal hypoperfusion, in one patient bilateral frontal hypoperfusion and in one patient bilateral temporal hypoperfusion. In three patients temporal hypoperfusion was accompanied by contralateral temporal hyperperfusion. In one patient who had a seizure several minutes before injection of HM-PAO, SPECT showed temporal hyperfusion extending into the frontal lobe ( fig 5) .
Comparison of SPECT with CT and MRI (comparison of "functional" with "structural" scans) SPECT detected abnormalities in 14 patients in whom CT and MRI were normal, or showed only anatomical asymmetry. In seven of these 
Discussion
Several reports have shown the superiority of MRI over CT in detecting lateralising lesions in temporal lobe epilepsy.7'2 These studies compared MRI using field strengths of 0 35-1-5 T, and CT using standard axial sections with or without contrast. This study makes a different comparison; that of low field (0 15 T) MRI (most commonly available in the United Kingdom) and of CT with temporal lobe cuts angled to image temporal lobe structures to the best effect. Nonetheless, the difference between the results obtained using the two imaging modalities was the same; MRI is more sensitive in showing subtle lesions of temporal lobe structures, with the minor exception of small areas of calcification, which are better shown by CT. It is difficult to make direct comparisons in terms of the abnormality rate, but most studies show an MRI abnormality rate of 20-25% in patients with normal CT7"0 whatever the field strength of the MR imager, with the interesting exception of one study comprising only well controlled patients which showed an abnormality rate of just over 5000.11 One retrospective study of patients who had had temporal lobectomy found abnormalities in 65% of patients with normal CT, but some patients had CT using low resolution equipment.'2 Only one study found any lesion detected by CT and not by MRI,7 a small fleck of calcification.
In this study CT was marginally more effective in showing anatomical asymmetry. However, in those patients in whom asymmetry was marked (six cases), it was shown by both investigations. In those in whom asymmetry was shown by only one investigation (by MRI in two cases and by CT in four cases), the degree was minor and of little value as a lateralising finding.
Interictal studies in temporal lobe epilepsy using both positron emission tomography (PET) and SPECT have found focal temporal hypoperfusion as the most common abnormality.3 14 While this was the case in our own study, the proportion of patients (8/19) showing other patterns of rCBF abnormality was notably high. There was no obvious reason for this; the population in the present study was of sequentially selected patients with intractable disease, similar to those of other studies,'1-7 and there is no reason to suppose that HM-PAO SPECT is more likely to detect such | abnormalities.4 Their detection is important, as bilateral abnormalities of rCBF must be regarded as representing at least a relative contraindication to surgery. A possible exception to this is where an interictal scan shows hyperperfusion contralateral to temporal hypoperfusion. Three such cases appear in this series, and EEG, CT and MRI supported lateralisation to the hypoperfused side. Two of these patients have been operated on and remain seizure free at nine months follow up.
Past studies have found that rCBF studies (PET or SPECT) detect lateralising abnormalities in a higher proportion of patients than either CT or MRI,5 10o18 as was the case in our study.
The correlation between lateralisation based on single surface EEG recording and that based on hypoperfusion seen on PET or SPECT is poor, but improves as the results of multiple recordings are taken into account and becomes very good when the results of all EEG investigations, including depth electrodes etc, are taken into account."8 Although the EEG investigations of our patients were largely based on multiple surface recordings, the correlation with SPECT was excellent with only one disagreement. In the one case where CT and MRI showed enlargement of one sylvian fissure and EEG lateralised to the other side, SPECT lateralisation agreed with EEG. There were otherwise no disagreements between scan results and EEG. Complex partial seizures with evidence of temporal lobe involvement may originate in extratemporal areas. Among the many interictal PET and SPECT studies in the literature there appear no patients with hypoperfusion confined to one temporal lobe who have seizures of extratemporal origin. Such PET and SPECT findings should therefore be regarded as at least supportive of a temporal origin for seizures. Localisation within the temporal lobe is not currently possible using interictal PET or SPECT.
The results of this study show that low field MRI is superior to modified CT in detecting abnormalities of the temporal lobe and suggest that SPECT should become part of the standard workup for temporal lobectomy. The latter investigation may prove a particularly powerful lateralising tool when used to image the focal increases in blood flow seen at the site ofa focus during or just after a seizure.920 EEG is likely to remain the main lateralising investigation in most patients, but the use of techniques such as MRI and SPECT may not only increase the number of patients suitable for surgery but, by improving patient selection, may improve outcome in terms of the proportion of patients who benefit. In Glasgow we are embarking on a programme of temporal lobectomy with continuous audit of investigations and results. We hope that this will identify those techniques, whether imaging or electrophysiological, which are most effective in achieving a high success rate.
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